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(57) Séang ché dé cap dén phuong phép hiéu chinh va bu pha doc 1ap cho tin hiéu thu
NB-IoT trén hé thdng tram thu phat gbe vb tuyén eNodeB bao gdm bdn bude: bude 1:
thue hién khéi tao tham s6 b thu véi gia thiét dap tng NB-IoT va giai diéu ché ghép
kénh phén chia theo tAn sd truc giao (OFDM - Orthogonal frequency-division
multiplexing) tin hiéu mién thi gian. Tim gi4 tri pha nhan vao & mi khoi té bao tai
nguyén (RE- Resource Element) trén ludi tai nguyén cua kénh vat ly duong xudng va
duong 1én dit liéu trong hé thdng NB-IoT; buéc 2: thuc hién phép luong tr ]4y mAu pha
ma trn va pha theo tung té bao tai nguyén tan s6 thoi gian (RE, Resource Element);
bude 3: tim hé sb pha theo chiéu doc va chiéu ngang ctia ky ty tin hiéu can hiéu chinh
va budc 4: tim pha khéi tao, hiéu chinh tin hiéu va thyc hién bu pha ddc lap cho tirng

nhom séng mang con cua tin hiéu thu NB-IoT.
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Linh vwe k§ thuit dwge dé cap

Sang ché d& cap dén phuong phap hiéu chinh va bu pha doc 1ap cho tin higu thu
biang thong hep internet van vat két ndi (E-UTRAN Node B Narrow Band Internet of
Things — eNodeB NB-IoT) trén hé thdng tram thu phat gbc vb tuyén eNodeB gitp tiét
kiém tai nguyén va giam thoi gian xu ly trén he thong tram thu phat gbe vo tuyén
eNodeB, giai mi chinh xac, qua d6 tang duoc dung luong hé thdng va hiéu nang xtr ly

trén mot don vi thoi gian.
Tinh trang ky thuat ctia sang ché

Trong cac hé thong vién thong thé hé méi hién nay khi trién ha tang mang hd tro
dap tmg NB-IoT déu dugc trién khai song hanh cung véi mang di dong hién hitu ma cu
thé 13 hé théng LTE-4G (Long Term Evolution, hé thong mang thé hé thit tw). Chinh
didu nay dit ra yéu cdu c6 hai b giai mi riéng biét dong b v6i nhau voi thoi gian va
t8¢ d6 xit Iy hoan toan khéc biét nhau, dAn t6i su phitc tap trong kién tric va tiéu ton rat
nhiéu tai nguyén cho hé thdng mang. Hién nay, c6 mot s6 giai phap clia cac hing vién
théng nhu NOKIA, SAMSUNG dang trién khai nhu st dung mdt s6 mo-dun (t6 hop
khdi) doc 1ap cho xir Iy NB-IoT dugc gin kém vao bo mach vat Iy vao hé théng mang
dang trién khai, mot s& Vendor (nha cung cap mang) khic nhu Huawei, QualComm
thuc hién mé-dun xit Iy NB-ToT trén phdn mém va thuc hién tron dit liéu mién thoi gian.

Tuy nhién, céc giai phap néu trén c6 mot s6 nhuge diém sau:

- St dung nhiéu tai nguyén vat ly va khéi luong xtr Iy DSP (Digital Signal
Processing- xir 1y tin hiéu s6), dong thoi phat sinh nhiéu tré xi ly mo-dun ciing
nhu ddng bo khi hé thong cao tai.

_ Kho kidm soét duoc nhiéu lién ky tu do chinh cac thiét bi hodc mé-dun gy nén,
tir d6 lam giam hiéu suat xir ly va tinh chinh x4c trong giai ma tin hi¢u.

Ban chét k§ thuat cia sang ché
Dé giai quyét vAn dé néu trén, sang ché dé xudt phuong phap phép hiéu chinh va

bi pha doc 1ap cho tin hiéu thu NB-ToT trén hé thong tram thu phat goc v0 tuyén eNodeB
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nhim tiét kiém tai nguyén, giam thoi gian x Iy trén hé thong va triét tiéu nhiéu lién ky
tu cua nhiéu thiét bi NB-IoT cung hoat dong tram thu phat gbe vo tuyén eNodeB, qua
do tang dugce dung lugng hé théng va hiéu ning xit Iy trén mot don vi thoi gian. Nguyén
téc cna phuong phap 1a xac dinh hiéu chinh vi tri cua NB-IoT (bang thong hep internet
van vat két ndi) trén ludi tai nguyén gianh cho eNodeB, sau d6 tién hanh bu pha doc 1ap
theo timg cum ctia séng mang cuia nhom tin hiéu thu NB-IoT. Cong viéc hiéu chinh va
bu pha dgc lap dugc tién hanh qua céc budc nhu sau.

Budc 1: thuc hién khoi tao tham sb bo thu va dinh dang ra vung dit liéu LTE va
NB-IoT;

Budc 2: thuc hién phép luong tir 14y mau pha ma trin séng mang va pha theo tirng
t& bao tai nguyén tan s6 thoi gian (RE, Resource Element);

Budc 3: tinh toan hé sb pha theo chiéu doc va chiéu ngang ctia ky tu tin hiéu can
hiéu chinh;

Budc 4: tim pha khéi tao, hiéu chinh tin hi¢u va thuc hién bu pha dgc lap theo
timg cum cua song mang tin hiéu thu NB-IoT.
Mo ta tém tit cic hinh vé

Hinh 1 13 hinh v& dang so dd khéi md ta khdi tao tham sb dau vao va tinh toan
ra ma tran tin ) gridFre’ c6 cung kich thudc voi ma trén gridFre. Thyuc hién trong
bude 1 ctia phuong phap sang ché.

Hinh 2 13 hinh v& dang so khdi mé ta mé hinh héa cong thirc tong quét biéu dién
cua pha (phasor) cho tung t& bao tai nguyén tan s6 thoi gian (RE- Resource Element).
Thuc hién trong budc 2 ctia phuong phap sang ché.

Hinh 3 12 hinh v& dang so db khéi m ta phuong thic tinh toan pha theo chiéu

doc cho tirng song mang. Thyuc hién mot phén trong budc 3 cia phuwong phéap sang ché.

Hinh 4 1a hinh v& dang so do khdi mo ta tinh toan twong quan gifta cac pha cua
tirng song mang theo chidu doc va chiéu ngang. Thuc hién mot phan trong budc 3 cla
phuong phép sang ché.

Hinh 5 14 hinh v& dang so db khdi mo ta cach thie tim pha khéi tao, hiéu chinh
tin hiéu timg séong mang con cua tin hi¢u thu NB-IoT. Thuc hién mot phén trong budc

4 ctia phuong phap sang ché.
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Hinh 6 13 hinh v& dang so db khdi mo ta phuong phap thuc hién bu pha doc 1ap
cho tirng séng mang con cta tin hiéu thu NB-IoT. Thyuc hi¢n mot phan trong budc 4 cua

phuong phap sang ché.

Hinh 7 12 hinh v& dang so db khéi mé ta thiét 1ap hé thong va lién két phan xi Iy
bu pha va hiéu chinh ddc lap theo nhom.
Mo ta chi tiét sang ché

Sang ché phuong phap hiéu chinh va bi pha dgc 14p cho tin hiéu thu NB-IoT trén
hé théng tram thu phat gbc vo tuyén eNodeB bao gdm bdn bude déu duoc thuc hién
trén phan mém xu ly DSP véi thudt toan phuong phép v6i ndi dung chi tiét mo ta boi
bbn bude cu thé nhu sau:

Buéc 1: thuc hién khoi tao tham s6 bo thu;

Tai budc ndy, tham sé khi tao cAn dap ang NB-IoT va giai diéu ché ghép kénh
phan chia theo tAn sd truc giao (OFDM - Orthogonal frequency-division multiplexing)
tin hiéu mién thoi gian. Va duoc md ta chi tiét bén dudi. Sau d6, tim gid tri pha nhén
vao & mdi khdi té bao tai nguyén tAn s6 thoi gian (RE- Resource Element) trén ludi tai
nguyén ciia kénh vat 1y duong xubng va dudng lén dit liéu trong hé thong NB-IoT, dir
liéu nay s& thay doi theo vi tri truy nhap va s6 luong Ue (user equirment — thiét bi nguoi
dung) dugc phan b6 tai nguyén. Biét rang, NB-IoT s& can st dung chung bd diéu ché

OFDM v6i LTE va ¢6 bién ddi khéac biét & hé sé pha.

M
5
su(t) = Z (buakejzn(k“’%)Af(t—NCP,sz)
k=-6

u=1

M
5
s () = Z (bu a oI PAf (E=Nep Ts jznfg,u(HMO,u)Af)

k=-6

u=1

Trong d6 s,(t) 1a téng hop céc tin hiéu mang dir liéu LTE va s', () 1a tong hop
céc tin hiéu mang dit liéu NB-IoT (M, ,, 1a do l¢ch thoi gian cua timg Ue va fy, 1a do
léch tin sb cua ting Ue NB-IoT).

- M la tdng sb lugng Ue, trong do6 u la chi s6 cua ting Ue, b 1a bién d0 ting Ue.

-3-
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- T, latan 36 lay mau.

- Af d9 rong séng mang con.

- Ncp, lavitri cua ky tw mang OFDM véi do rong chudi bao vé 160 & ky tu dau
tidn va 144 & cac ky tu con lai ing v6i 20 MHz. Cac bang thong con lai lan

luot ty 16

Céc gia tri cho truge 1a tham so khéi tao dau vao:
- Luéi tai nguyén dau vao (dit liéu mién tan so) gridFre la mot ma trén c6 kich

thudec:

[12 X nSyms]

Tin hiéu mién thoi gian 1a mot Vector ¢6 kich thude:

[15Npprngyms X 1]
- Do dai chudi tién 6 lap CP (cyclic prefix) mo ta qua chi 56 Ncp,
Ngyms: SO lugng ky tw OFDM va 1a boi cta 14.
- Nppp: s6 didm thyc hién IFFT (bién dbi nguoc cha phép bién doi nhanh

Fourier) trong diéu ché OFDM, tuong (g tirng bang thong nhu bang sau:

Bang théng 20 | Bang thong | Bang thong | Bang thong | Bang thong | Bang thong

MHz 15 MHz 10 MHz 5 MHz 3 MHz 1,4 MHz

NFFT= 2048 NFFT= 1536 NFFT: NFFT= 512 NFFT: 256 NFFT= 128
1024

nRB =100 nRB =75 nRB=50 [nRB=25 |[nRB=15 nRB =6

- RBOffset: RB (resource block — khéi tai nguyén vét ly) cép phat cho NB-IoT

trong ludi tai nguyén cua LTE.
gridFre = fft (s,,(t))
Giai didu ché OFDM tin hiéu mién thdi gian bing céch ding bd giai diéu ché
OFDM ciia LTE. Sau do, 14y ding ma trn & vi tri RB cép phat cho NB-IoT ta dugc ma

tran mién tAn s gridFre’ ¢ cung kich thudc véi ma tran gridFre.
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gridFre'= fft (s', (t))

Budc 2: thuc hién phép luong tir l4y mAu pha ma trdn va pha theo ting té bao tai
nguyén tAn sd thoi gian (RE, Resource Element). Dua trén ma trn mién tin sb c6 cung
kich thudc vai ma trin da dugc tinh ¢ bude 1.

Phép chia tirng phan tir twong Gng cua ma tran gridFre’ va gridFre biéu thi cho
vide tim d6 1ach hé sb cla timg cum séng mang va triét tiéu phan nhiéu lién ky tw do
tac dong cua nhiéu s6ng mang NB-IoT.

gridFre’
hasor = angle(>=——
p 8 (gridFre)

Tim ra su khéc biét giita song mang LTE va cac song mang NB-IoT bao gém NB-
ToT c6 thém dd léch tAn s6 (tin sb trung tim ctia LTE va NB-IoT khéc nhau, tuy nhién
ta lai 14y chung mot tan sb trung tAm (ctia LTE), hon nita NB-IoT c6 thém phan dich
nira song mang (half-shift). Danh gia cong thic tong quat ctia tuyén 1én va tuyén xudng
¢6 thé mé hinh héa biéu didn ctia pha tin hiéu (phasor) cho timg RE dugc gom ba thanh
phan.
phasor = phasorge, X phasorg, X phasorin;
Trong do:
NphasorCol 18 d0 chiém dung sd séng mang con ma dit liéu mang c6 thé
1,2,3,6,12 song mang tuy theo dung lugng tai nguyén yéu cau va thoi gian
truyén.
- Pha tbng quat (phasor) ¢6 kich thudc [12 X Dphasorcol]
- Pha theo chiéu doc (phasorgey,), c6 kich thuge [12 X 1]
- Pha theo chiéu ngang (phasorc,)), ¢6 kich thude [1 X nphasorCOI]

- Pha khoi tao (phasor;y;,) 1a mot hang s6

Gia tri pha tai RE(rowygy, coljgy) 1a:
phasor = phasorgg, (row;gy) X phasorce;(coligy) X phasoriyi
Buéc 3: tinh toan hé s6 pha theo chiéu doc va chiéu ngang ctia ky tu tin hiéu can
hidu chinh. Pay chinh 14 hai thanh phin cu thanh nén cong thirc tong quat md ta & bude
2.
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- Thuc hién tim pha theo chiu doc (phasorgey), loai bo thanh phan My, 1éch
thoi gian cua nhom tung Ue.
Qué trinh thuc hién phép todn véi roway va colyg, bat ky:

phasor(rowygy, coljgy)

phasor(rowg, — 1, coljgy)
déu cho cing mot két qua. Do d6, pha theo chiéu doc sé& c6 cong thirc:

sc
phasorgew (Sciax) = exp (J'Zﬂ N =

X init
phasorRow>
FFT

Trong do:

- SCjgx 12 gié tri song mang con trong ludi tai nguyén cAp phat cho NB-IoT

(0 < SCrdx < 11)

init .

- phasorggw:

1a gia tri nguyén khoi tao cho phasorgey-

Ta co:

phasor(rowygy, coljgy)
phasor(rowg, — 1, coligx)

. TOW -
exp (i2m ——9% phasoriMt ) x phasorc, (coligy) X phasor;y;
p\J NFFT p Row p Col Idx p init

. ToOWwpgy — 1
exp (]Zn Nepr phasor

init

Row) X phasorc(coljgy) X phasorip;

hasor(rowyg,, col .
[ p (rowiay, oliax) ] = exp <j2T[ phasor{{}}&,)

phasor(rowgy — 1, coligy) FFT
Ta duoc:

phasorillt = angle[

phasor(rowygy, coligx) | Nppr
phasor(rowg, — 1, coligx) | 2T

Két qua tinh toan dya vao céc dit liéu dAu vao dau ra twong tng voi cac RBOffset
(vitri khéi tai nguyén vat 1y) khac nhau, ta dugc cung mot két qua:
phasorifit = —15

Do do, cong thitc ctia pha theo chidu doc s& la:
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1

(o)
exp | j2m
Ngpr

—15
phasorgew = | €xp (jZT[ 2)
_NFFT

—15
exp (jZTt 15>
: Ngpr /.

- Tiép tuc tim pha theo chiéu ngang (phasorc,) loai bo thanh phén fou léch tan
s6 ctia timg Ue.

Qua viée thuc hién phép chia (thit nghiém v6i nhidu RBOffset khac nhau), két qua

cho thy ctr sau mdi 28 ky tu symbol OFDM, thi ma trdn pha s& l&p lai nhu nhau.

Pha theo chiéu ngang dugc tinh toan theo cong thirc:

phasorCol(SymIdx)

12(RBOffset + 0.5) + 0.5sign zsymldx

= exp [j 21 cpLen(symygy)

Ngpr 0

Trong dé:

- SyMygy: 12 chi s ky tuw symbol OFDM (0 < symyqy < 27)

- cpLen(symygy) 12 do dai CP twong ung véi ky tw symbol OFDM thr symygy

. sign= {—1, RBOffset < 25

1, RBOffset > 25

Budc 4: tim pha khai tao, hiéu chinh tin hiéu va thuc hi¢n bu pha doc lap cho ting
nhém séng mang con cta tin hiéu thu NB-IoT. Dya trén pha theo chiéu doc va pha theo
chidu ngang duoc tim ra & bude 3 da tim dwoc pha khéi tao ¢ bude nay.

Thuce hién phép toan:

phasor./(phasorgey X phasorce)
Ta dugc ma trin co tat ca cac gid tri bang nhau. Do d6, pha khoi tao sé la:

phasor(rowygy, coljgy)

hasor;,; =
P it [phasorRow(rOWIdx' COlldx)phasorCol(rOWIdx' colygy)]

Ta duoc gia tri pha khdi tao (cong thirc héa) c6 cong thire:

2825
phasor;,is = exp (]21‘[ N

) * Ngroup
FFT

trong do:
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Tgroup © 1a CUM SONZ mang duoc st dung dé gop t6i wu thoi gian xtr ly. Hién
dang su dung t6i wu v6i hé s6 14 3.
Ngpr: 1a kich thudc cua s6 Fourier st dung nhu bang & bude 1 mo ta.
- Theo phuong phép cua sang ché hiéu chinh tin hiéu bam theo hé s6 pha di xac

dinh va bu pha ddc 1ap cho tin hiéu thu theo timg nhom song mang:

k
brec(®) = ) (PhaSOTie * Loympor(D) + 10 * 10g(nRE  15000)

i=0

Trong d6 t,.(t) 12 tin hiéu da hiéu chinh bim pha va bu pha doc lap
toympor (i) 12 tin hidu thu ting ky tu NB-IoT da loai bo léch tan s6 va léch thoi
gian cua nhiéu Ue NB-IoT.
nRB 1a sb luong tai nguyén 16p vat Iy cla bang thong LTE mang v6i thi da

nhu bang budc 1 mo ta.
Vi du thwe hién sang ché

Trén thuc té, hé théng dugc thiét 14p theo phuong phap ctia sang ché da duoc ap
dung trong phong lab va trién khai & ngoai mang ludi, Hinh 7 1a hé théng duogc cai dat
thue té tai phong thi nghiém dién tir thudc du 4n eNodeB, trinh tu thiét 14p va ap dung
phuong phép theo sang ché duge mé ta céc budc cu thé nhu sau. Thiét 1ap hé théng
thuc té bao gém thiét 1ap hé 1 khéi maéh didu khién giao van (Control Transport Card
- CTC) cung cip xung nhip (clock) ddng bd lay tir ngudn vé tinh dinh vi toan cau
(Grobal Position Satellite - GPS) hogc ngudn dong bo 1588 ndi khdi mach xu ly bang
gbc (Baseband Card - BBC), sau d6 cai dat phan mém xéc dinh tinh ton pha khi tao
va but pha khtt nhidu nhiéu thiét bi NB-ToT do téc gia sir dung ngon ngit C/Python thuc
hién trong moi trudng Linux; sau do dp dung bo tham s6 thiét 1ap hé théng duoc néu
trong Bang 1; CTC/BBC két ni v6i khéi vo tuyén tir xa (Remote Radio Unit - RRU)
hé ang-ten 4 thu 4 phat thong qua giao dién thong qua chuén giao dién truyén song ding
chung (Common Public Radio Interface — CPRI);. Két qua sau khi hiéu chinh t61 wu va
bu pha doc 1ap phan anh thong qua cac tham s6 dat dugc nhu Bang 2, chi s6 do luong
hiéu qua mang (Key Performance Indicator - KPI) nhu Bang 3 va chi s6 vé hiéu ning

xir I va s6 luong DSP can thuc hién nhu Bang 4.
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Bang 1: b tham sb thiét 1ap hé thong

Loai tham s6

Tham s0 cau hinh

Tham so

chung

Béng thong hé thong: 20 MHz

Sé luong tai nguyén vat 1y nRB = 100
S6 14n truyén lai HARQ: 4

Chi sb lap RV: RV0. RV2, RV3, RV1
S6 lwong Ang ten thu LTE: 4

S6ng mang con d¢ rong: 15 KHz

Loai diéu ché LTE: 64QAM/16QAM/QPSK

Sé lwong LTE tdi da: 256 UE
Ché do tién 6 lap binh thuong

Tham so

riéng thiét bi

Loai diéu ché NB-IoT la QPSK/BPSK
S6 luong Ang ten xur Iy NB-IoT: 2
Chi s lap RV: RV0. RV2

S6 séng mang con t6i da: 12

NB-IoT Sé lwong lap: 4

RB Offset: tir 15 -> 40

S6 luong thiét bi NB-IoT tdi da: 1200

Bang 2: mot s6 tham sb chat luong mang
.z . Theo giai
Chi so thong ké chat luong Theo séng
phap k¥ , Nhéan xét
mang , ché
thuat da biét

Phén b ty 18 ving nhiéu ta}ﬁ Sau khi épvdung phtiong
am 16n twong duong >= -| 11,04% 523% |phap sang ché ving

109dBm

nhiéu cao giam 5,81%

Phéan b ty 1& truy cdp ngau
nhién thanh cong

80,86% 93,21%

Ty & truy céap ngau
nhién thanh cong ting
12,35% sau khi ap dung
phuong phap sang ché

9125
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kénh vat ly duong lén (UL
BLER)
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26,14%

13,6%

Ty 16 151 khdi tuyén 1én
giam 12,54% sau khi ap
dung phuong phap sang

ché

D6 loi trung binh chi s6 tin
hidu trén tap &4m nhiu

(SINR)

3.3

5,34

Sau khi ap dung phuong
phap sang ché do loi
trung binh tang 2,04 dB

Ty 1é truyén lap lai phén b6

trén vung bién t€ bao mang

18.,2%

8,25%

Ty 18 truyén lap lai phan
bd trén ving bién té bao
mang giam 9,25% sau
khi 4ap dung phuong
phép sang ché

Thoi lugng pin trung binh sau
mdi 1an wake-up (chu ky thu

thap dit lidu cta thiét bi IoT

203 giay

97 giay

Sau khi ap dung phuong
phép sang ché trung binh
da giam 106 gidy, tuong
duong tang tudi tho pin
1én hon 50 % chu ky
vong doi thiét bi.

Bang 3: mot s6 tham sb chét lugng KPI cua hé thong

Chi s6 KPI khi 4p dung giai phap Chi s6 KPI sau khi ap dung
k§y thuat da biét phuong phap theo sang ché
Thoi RASR RRC SR CSSR RASR RRC SR CSSR
gian (%) (%) (%) (%) (%0) (o)
2-5-2020 | 73,37 98,36 98,01 78,83 99,68 99.05
1-6-2020 81,22 99,17 98,99 89,10 99,85 99,35
Trong do:

o RASR: Random Access Success Rate — Ty 1¢ thanh cong thu tuc truy cap ngau

nhién

-10-
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o RRC SR: Radio Resource Control Success Rate — Ty 1¢ thanh cong cép phat tai
nguyén didu khién v tuyén.
o CSSR: Call Setup Success Rate — Ty 1& thiét 1ap cudc goi hodc dich vu thanh
cong.
Nhu vy cac chi sb KPT (100% la gia tri chuan 16n nhét) sau khi 4p dung phuong
phap cua sang ché déu t&t hon tir 15 % t61 30 % so véi trude khi ap dung phuong phéap
cua sang ché.

Bang 4: chi s6 v& hiéu nang xi Iy va s6 lwong DSP can thuc hién

Chi sb hiéu nang khi 4p dung giai | Chi s6 hiéu nang sau khi 4p dung
phép k¥ thuat da biét phuong phép theo sang ché
Thoi Thoi
gian gian
S6 lugng hoan hoan
Ue NB- | Thoi gian | S0 luong thanh | Thoigian | SO lugng | thanh
IoT trong xu ly DSP st chu trinh xu ly DSP su chu trinh
t bao | khéigiai | dungcho | phanhdi | khéigiai | dungcho | phan hoi
mang ma (ms) NB-IoT (ms) ma (ms) NB-IoT (ms)
100 2,5 6 400 2,2 4 300
200 2,7 12 523 2,5 9 485
500 2,85 24 1025 2,65 18 980
1000 3 36 1549 2,7 27 1350
Trong do:

Nhu vay sau khi p dung phuong phép ca sang ché déu giup tiét kiém thoi gian
xtt Iy va tai nguyén DSP tir 10 % t6i 30 % so vi trudce khi ap dung phuong phap cua
sang ché.

Cac lgi ich dat dwge cia sang ché

Hé théng duge thiét 1p theo phuong phap theo sang ché c6 kha nang hi¢u chinh
va bu pha doc 1ap cho tin hiéu thu bang thong hep internet van vat két nbi (E-UTRAN
Node B Narrow Band Internet of Things —eNodeB NB-IoT) trén hé thng tram thu phét
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gbc vo tuyén eNodeB gitp tiét kiém tai nguyén va giam thoi gian xit 1y trén hé thdng
tram thu phat gbe vo tuyén eNodeB, giai ma chinh xac, qua d6 tang dugc dung lugng
hé théng, hiéu nang xit Iy trén mot don vi thdi gian va cai thién chat lugng mang. Khic
phuc mot s6 nhugc diém sau: nhu st dung nhiéu tai nguyén vat ly cling nhu s6 lugng
xtr ly DSP (Digital Signal Processing, xtt ly tin hiéu s6). Giam tré xtt Iy md-dun cling
nhu ddng bd khi hé théng cao tai. Kiém sodt duoc nhiéu lién ky tu do chinh cac thiét bi

hodc mo-dun gdy nén giam hiéu suat xu ly va tinh chinh xdc trong giai ma tin hiéu.
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Yéu ciu bao ho
1. Phuong phap hiéu chinh va bu pha doc 1ap cho tin hiéu thu NB-IoT trén hé thong

tram thu phat gbc vo tuyén eNodeB bao gdm bdn bude:

bude 1: thuc hién khéi tao tham s6 bd thu:

tai budc ndy, tham sb khéi tao cAn dap tng NB-IoT va gidi diéu ché ghép kénh
phan chia theo tAn sb truc giao (OFDM - orthogonal frequency-division multiplexing)
tin hidu mién thoi gian va dugc mé ta chi tiét bén dudi; sau do, tim gia tri pha nhan vao
& mdi khdi té bao tai nguyén tin s6 thoi gian (RE - resource element) trén ludi tai
nguyén cua kénh vat ly duong xudng va dudng 1én dit liéu trong hé thong NB-IoT, dit
liéu nay sé thay dbi theo vi tri truy nhap va sb luong Ue (user equirment — thiét bi nguoi
dung) duoc phan bd tai nguyén; biét rang, NB-IoT s& can str dung chung bd didu ché
OFDM v&i LTE va c6 bién dbi khac biét & hé sb pha:

M
5
sy (t) = z (buakejzn(k"'%)Af(t‘NCP,lTs)
k=—6
u=1
M
5
s, () = Z (buake1'27T(k+%)Af(t—Ncp,sz e jznfo,u(t+M0,u)Af)
k=—6
u=1

trong do s, (t) la tbng hop cac tin hiéu mang dit li¢u LTE va s", () 1a tong hop
céc tin hiéu mang dit liéu NB-IoT ( My, 1a do léch thoi gian cta ting Ue va fo,, la do
1&ch tan s6 cta timg Ue NB-1oT); |

M 1a tdng s6 lugng Ue, trong d6 u 1 chi sb cua timg Ue, b 1a bién do timg Ue;

T, 14 tAn s6 14y mau;

Af 46 rong song mang con;

Ncp, la vi tri cua ky tu mang OFDM véi do rong chudi bao vé 160 & ky tu dau

tién va 144 & cac ky tu con lai tmg v6i 20 MHz; cac bang thong con lai lan luot ty

Py

1¢;

cac gid tri cho trudce la tham so khoi tao dau vao:
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ludi tai nguyén dau vao (dit liéu mién tan so) gridFre 1a mot ma tran co6 kich

thuoc:

[12 X 1'1Syms]

tin hiéu mién thoi gian 1a mot vector cé kich thude:

[1 5 NFFT nsyms X 1]

d6 dai chudi tién t8 Iap CP (cyclic prefix) m ta qua chi sd Nep
Ngyms: S0 lugng ky tw symbol OFDM va la bdi cta 14;

Nppr: s diém thye hién IFFT (bién dbi nguge ctia phép bién doi nhanh fourier)

trong diéu ché OFDM, tuong tng timg bang thong nhu bang sau:

bang théng 20 | bang thong | bang thong | bang thong bang thong | bang thong

MHz 15 MHz 10 MHz 5 MHz 3 MHz 1,4 MHz

NFFT: 2048 NFFT: 1536 NFFT: NFFT: 512 NFFT= 256 NFFT= 128
1024

nRB =100 nRB =75 nRB =50 nRB=25 |nRB=15 nRB=6

RBOffset: RB (resource block — khéi tai nguyén vét 1y) cap phéat cho NB-IoT

trong ludi tai nguyén cua LTE:
gridFre = fft (s, (t))

giai didu ché OFDM tin hiéu mién thdi gian bang cach ding bo giai didu ché
OFDM ciia LTE; sau d6, liy ding ma trén & vi tri RB cap phat cho NB-IoT ta dugc ma
tran mién tin s gridFre’ c6 cing kich thuéc véi ma tran gridFre:

gridFre'= fft (s', (t))

budc 2: thue hién phép luong tur ]4y mau pha ma trén va pha theo ting té bao tai
nguyén tan s6 thoi gian (RE, resource element); dua trén ma tran mién tan s gridFre’

c6 cung kich thudc v6i ma tran gridFre da duoc tinh & bude 1;
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phép chia ting phan tir twong (ng ctia ma tran gridFre’ va gridFre biéu thi cho
viéc tim do léch hé sb cua tirng cum séng mang va triét tiéu phén nhiéu lién ky tu do
tac dong cua nhiéu séng mang NB-IoT:

gridFre’
hasor = angle(=———
p g (gridFre)

tim ra su khac biét giira song mang LTE va cac song mang NB-IoT bao gbom NB-
ToT c6 thém do 1éch tin s (tan s6 trung tAm ctia LTE va NB-IoT khéac nhau, tuy nhién
ta lai 14y chung mot tAn s trung tdm (ctia LTE), hon nita NB-IoT ¢ thém phan dich
nira song mang (half-shift); danh gia cong thirc tbng quat clia tuyén 1én va tuyén xubng
¢6 thé m hinh héa biéu didn ciia pha tin hiéu (phasor) cho timg RE dugc gom ba thanh
phén:

phasor = phasorg,,, X phasorce X phasori;

trong do:

Nphasorcol 12 d0 chiém dung sb song mang con ma dit liéu mang co thé 1,2,3,6,12

s6ng mang tiy theo dung lugng tai nguyén yéu cau va thoi gian truyén;

pha téng quét (phasor) ¢6 kich thuée [12 X Nphasorcol ]

pha theo chiéu doc (phasorgy,), ¢6 kich thude [12 x 1]

pha theo chiéu ngang (phasorc,y), c6 kich thuéc [1 X nphasorcol]
pha khoi tao (phasor;y;e) 1a mot hing s6

gia tri pha tai RE(rowygy, coligy) 1a:
phasor = phasorgey (rowgy) X phasorg, (coljgy) X phasoriy;e

bude 3: tinh toan hé s6 pha theo chidu doc va chidu ngang cta ky tu tin hiéu can
hiéu chinh; ddy chinh 1a hai thanh phin cAu thanh nén céng thic tong quat md ta & budc
2;

thue hién tim pha theo chidu doc (phasorgy,), loai bé thanh phan Mo, léch thoi
gian ctia nhom tung Ue;

qua trinh thuc hién phép toan v6i rowygy va colygy bat ky:

phasor(rowygy, coligx)

phasor(rowygy, — 1, coljgy)

déu cho cliing mot két qué, Do d9, pha theo chiéu doc s& c6 cdng thirc:
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SCrax

phasorgew(SCiax) = exp (jZTt N init

phasorRow)

FFT
trong do:
SCrax 12 gié tri song mang con trong ludi tai nguyén cAp phét cho NB-IoT

(0 < scgx < 11)

phasori™t : 1a gia tri nguyén khoi tao cho phasorgey

ta co:

phasor(rowygy, coljgy)
phasor(rowgy, — 1, coljgy)

.~ TOW o
exp (]211 ———NFFlix phasorﬁ},“t,\,) X phasorc (coligy) X phasorp;

exp (jZT[ rowigy — 1 phasor
Ngpr

init

Row) X phasorc(coligy) X phasor;y;e

init

phasorRow>

[ phasor (rowjg, coljdx) ] :
= exp (]Zﬂ

phasor(rowg, — 1, coligy) FFT

ta duoc:

h init _ 1
phasorrow = aNgie [phasor(rowldX — 1, coligy)

phasor(rowygy, coligy) | Nppr
] 21
két qua tinh toan dya vao céc dit liéu du vao du ra tuong tng voi cdc RBOffset
(vi tri khéi tai nguyén vt 1y) khac nhau, ta duge cung mot két qua:
phasoriit = —15
do d6, cong thirc cua pha theo chiéu doc sé la:
1

(2r52)
exp |j2m
.NFFT

phasorgyw =

('2 15 15)
exp |j2m
[P N

tiép tuc tim pha theo chiéu ngang (phasorg,) loai bo thanh phén f,,, 1éch tan sb

cua tung Ue;
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qua viéc thuc hién phép chia (thir nghiém vo1 nhiéu RBOffset khac nhau), két qua
cho théy ctr sau mdi 28 ky tw OFDM, thi ma trin pha s& lap lai nhu nhau. Pha theo
chidu ngang dugc tinh toan theo cong thuc:

phasorc (symygx)

12(RBOffset + 0.5) + 0.5sign zsymldx

= exp [jZn cpLen(symygy)

Ngpr 0
trong do:

SyMygx: 12 chi s8 ky tu symbol OFDM (0 < symyqy < 27)
cpLen(sym;gy) 12 d6 dai CP twong tng véi ky tw symbol OFDM thr symygy

sign = {—1, RBOffset < 25
1, RBOffset > 25
buée 4: tim pha khoi tao, hiéu chinh tin hiéu va thye hién bu pha doc lap cho ting
nhém s6ng mang con ctia tin hiéu thu NB-IoT; dya trén pha theo chiéu doc va pha theo
chiéu ngang dugc tim ra & bude 3 da tim dugc pha khoi tao o budc nay;
thue hién phép toan:
phasor./(phasorge,, X phasorc,)
ta dugc ma tran co tAt ca cac gia tri bang nhau; do do, pha khai tao sg la:
phasor(rowigy, coljgy)

[phasorRow(rOWIdx' CO]Idx) phasorCol (rowldx: COlIdx)]

phasor;j,i =

ta dugc gid tri pha khdi tao (cong thire hoa) c6 cong thic:

282.5
phasor;,jy = exp (jZTt N

) * NMgroup
FFT

trong do:
Ngroup ° l& cum song mang duoc str dung dé gop tdi wu thoi gian xt ly; hién dang
st dung t6i wru véi hé s6 12 3;
Ngpr: la kich thudce ciua sb fourier st dung nhu bang & bude 1 mo ta;
theo phuong phép ctia sang ché hiéu chinh tin hiéu bam theo hé s6 pha di xac

dinh va bu pha ddc 1ap cho tin hiéu thu theo timg nhom song mang
k

trec(t) = 2(pha50rinit * tsymbol(i)) + 10 * 10g(TLRB * 15000)

=0
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trong do t,.(t) 1a tin hiéu da hiéu chinh bim pha va bu pha doc lap
tsympor(£) 14 tin hiéu thu timg ky tu NB-IoT da loai b6 1éch tan sb va léch thoi
gian cta nhiéu Ue NB-IoT;

nRB la sb luong tai nguyén 16p vat Iy clia bang thong LTE mang voi toi da

nhu bang budc 1 mo ta.
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Bit du

Khéi tao chi sb ky tuw \
(n_syms)
kich thudc cira sb biém ddi
nhanh Fourier (N_iFFT)
Kidu tién 6 lap (CP)
khéi Tai nguyén vatly
(RB_Offset)

Ludi tai nguyén
12xn_syms

A

Tao Vector mién thoi gian |

@ﬂx xa bang thong vao kich thu

15*N_FFT*n_syms*1

A
Ma tran tham khao trén
lu6i tai nguyén tan s6 thoi
gian
(gridFre)

Két thic

Hinh 1

ctia sO N_FFT

(’yj
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Bt dau

ich thudc cira s6 biém doi Luoi tai nguyén 4nh xa
nhan}l Fo‘urie’r (N_iFFT) (gridFre") ’
Kiéu tién t6 lap (CP)
khéi Tai nguyén vat ly
(RB_Offset)

A

Pha theo chiéu doc
(Phasor_row) c6 kich
thudc 12x1

Pha khéi tao tinh
(Phasor _init)

A 4

Pha theo chiéu ngang
(Phasor_col) c6 kich thudc
Ixn_phasor_col

A
Cong thirc tong quat tinh
pha (phasor)
Phasor = phasor_row *
phasor_col * phasor_init

!

Két thic

Hinh 2
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Bit dau

Khoi tao chi sb ky tu Tinh toan pha (phgsor) dua
(nsymbol) trén ma trin tan so
Chi s6 sang mang con Phasor = angle(grifFre’/
(SC _idx) gridFre)
Tham s6 khéi tao pha theo
chiéu doc
(Phasor_init row) v

Tinh gi4 tri pha theo chiéu doc(phasor_row)
theo tiing séng mang
Phasor_row(sc_idx) = e(j*2*pi* sc_idx/
NFFT * phasor_init_row)

\ 4
Tinh toan pha khoi tao chiéu doc
Phasor_init row =
angle {phasor(row_idx,col_idx)/
phasor(row_idx-1,col_idx)}* NFFT/2*pi

!

Noi suy gia tri khéi tao
chiéu doc cuoi clung
Phasor_init row =15

v

Két thic

Hinh 3
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Bit diu

Y

Khi tao chi 6 ky tu Pha theo chidu doc ma trin
(nsymbol) (matrix)
Gia tri tinh K=0->15 . .
JYp A A 1o Phasor_row = matrix( e
Khoi tai nguyén vat ly (72*pi*(-15)*k
(RB_offset) =P

A 4

Tinh toan tdng ky tu theo
chiéu dai cua s0 B
B = Sum(sym_idx) =

Tinh toan pha chiéu doc theo ky tur

RB_offset<25 X %
»  Phasor_row(symbol) = j*2*pi*

A

i *
i AFFT*B Sum(cpLen(sym_idx)
ding
A
Gia tri l Giatri ‘
Sign=1 Sign=-1 Tinh toan tuong quan ché
phaser
Gia tri tich [fly theo ctra s6 bién dbi
nhanh Fourier (AFFT)
AFFT = —
(12*%(RB_offset+0.5)+0.5signy/
NFFT .
Két thiic

Hinh 4
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Bit diu

inh toan gia tri pha (phasor) dua trén pha chiéu

do g(phasoriRow)
va pha chiéu ngang (phasor_Col)

phasor./(phasor_Rowxphasor_Col)

A

kich thuéc cira s6
biém ddi nhanh Fourier
(N_iFFT)
Kiéu tién t6 lap (CP)
khéi Tai nguyén vatly
(RB_Offset)

Tinh toan tham s pha dua vao
chi s doc quét (row_idx) chi sé
ngang quét(col_Idx)

P_a = Phasor(row_idx,col_Idx)

|

Tinh toan gia tri theo pha chiéu
doc va chidu ngang
P_b = phasor_Row
(row_Idx,col_Idx)*phasor_Col
(row_Idx,col_Idx )

I

Tinh toan pha khéi tao
(Phasor_init)duatrén P_a
vaP b
Phasor_init=P_a/P_b

|

Két qua noi suy cudi cing
Phasor_init= exp(j2n
282.5/N_FFT )*n_group

A 4

Két thic

Hinh 5
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(nsymbol)
8 luong khdi tai nguyén va
1y (N_RB)
Chi s6 k

47666

Tinh toén sb lugng mau ky tu
T _symbol(i)

Pha khai tao
Phasor _init

Y

Thuc hién bu pha hiéu chinh
Compenation =
Sum(Phasor_init*T_symbol(i))

'
Tinh toan gia trj can hiéu
chinh
Adjustment = 10
*log(nRB*15000)

A

Tin hiéu cudi ciing sau khi bu pha doc
lap va hiéu chinh theo nhom
T rec(t) = Compenstion + Adjustment

A 4

Két thuc

Hinh 6
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IoT

Hinh 7
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CTC 2 BBC
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A 4 Phin mém RX1 ©
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